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INTRODUTION 
For many years sciehtists have been trying to find the 
cause or causes of the dreaded disease known as cancer. In 
order to attack this problem properly they have had to experi-
!Illent on all the organs and tissues of many animals. Up to now 
little is known about the cause of spontaneous tumors, but many 
experiments have been performed to study the changes which occur 
in a specific organ or tissue when it is treated with a carcino-
gen, a chemical compound which produces a cancerous growth. 
The scope of this thesis will be limited. It will be con-
cerned with the histological and cytological changes which occur 
in the epidermis when the skin of the mouse is treated with 
lmethylcholanthrene, a carcinogen. This subject is only a small 
area of the work which has been done concerning cancer. Other 
carcinogens such as benzpyrene, 9, 10-dimethyl-1, 2 benzanthra-
cene, and tar have been used to a limited extent in epidermal 
carcinogenesis. The histological and cytological changes pro-
duced by these carcinogens are basically the same as those cause 
by methylcholanthrene, but the time necess ary to produce the 
epidermal changes and the resulting carcinoma varies. Fieser 
(1938) states that the differences in the time intervals can be 
attributed to the variations in the chemical structure of each 
carcinogen. Therefore, since some carcinogens have greater 
potency than others, it is difficult to compare the transitional 
cellular changes from the normal epidermis to the carcinoma 
i 
stage. Because of the wide variance of carcinogenic action of 
different chemicals the author has limited the majority of the 
discussion to the effect of methylcholanthrene on the epidermis. 
However, the description of the carcinoma cell and its internal 
structures has been taken from a variety of sources, because the 
ultimate appearance of the malignant cell is independent of the 
carcinogen used to initiate the primary epidermal changes. It 
is hoped that the compilation of the e~~erimental results pre-
sented in this thesis will be useful from the standpoints both 
of summarizing the work that has been done and of clarifying the 
problems that require further investigation. 
The main point which should be considered and remembered 
throughout this paper is that many different strains of mice 
were used during .carcinogenesis. The results obtained from one 
strain of mice cannot always be correlated too closely with thos~ 
obtained from another strain. Berenblum (1945) found that many 
difficulties arise because of (1) variations in the species of 
mice used, (2) differences in the region of application and 
methods of administration of the methylcholanthrene, (3) differ-
ences in the dosages of the carcinogenic solution applied, and 
(4) variations in the frequency of applications. 
Furthermore, Cramer and Stowell (1942) state that the lengt 
of the various phases during carcinogenesis should not be given 
in actual figures, since the skin of different mice, even when 
they belong to an inbred strain, does not act equally readily 
to the carcinogen. Therefore, it has to be understood that the 
manner in which the epidermis reacts to the carcinogen depends 
ii 
upon the resistance of the skin. The skin of mice of one strail' 
is either more or less resistant than that of another strain of 
mice when it is treated with a carcinogen. Also, there tends tc 
be variations in the resistance of the skin of mice within the 
same strain. 
When various experiments are cited in this paper, the stra ~ 
. I 
of mice together with other necessary factors such as dosage anc 
the frequency of applications will be made known. Since there 
is a problem of resistancy, the final summary will be made in 
general terms rather than in terms which tend to be too specific. 
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GENERAL FACTS CONCERNING CANCER 
Before reviewing the literature on the histological and cy-
tological changes occurring when the· mouse epide1~is is treated 
with methylcholanthrene, it is advantageous to consider some 
general facts about cancer. cr~mer (1938), in discussing the 
results and applications of experimental investigations of can-
cer, relates that carcinogenic agents induce cancer only after 
a lapse of time occupying a considerable fraction of the normal 
life span of the species, and that during this period the tis-
sues undergo pathological changes leading to cancer in the al-
tered tissue. A normal cell is transformed into a malignant 
cell by an action from without, but once the transformation has 
occurred, the cancer cell multiplies independently of the exter-
nal stimulus which produced it. Many cancer cells are cytologi-
cally different from normal cells of the type from which they 
arose, but no special distinguishing characteristics will be 
cited at this time. This subject will be discussed later in 
great detail. 
Since the malignant cell can now be thought of as an in-
dependent type of cell, some functional differences can be con-
sidered between normal and malignant cells. Szodoray (1937) 
proposes that the condition of controlled as compared with un-
controlled multiplication in the body is of primary importance. 
He states that all normal cells are under some type of control, 
the nature of which is still obscure but fundamental for all 
l 
ulticellular organisms from the time of conception throughout 
ife. Malignant cells, on the contrexy, have no type of control 
overning their actions. The author claims that the uncontrolle 
ultiplication of these cancerous cells sets them apart from all 
ormal cells. They continue to multiply like parasites and fre-
uently spread through the body until their numbers have been 
to such a degree that they kill the host. Therefore, 
cells are tumorous cells which grow in a disorderly 
anner and produce structures with little resemblance to the or-
anized tissue ·from which they originate. 
Some investigators found that physical and chemical differ-
noes exist be~~een normal and malignant cells which permit the 
remain localized and the latter to invade adjacent 
' issues. By the method of micromanipulation Coman (1947) found 
force required to separate attached pairs of normal 
epithelial cells from the lip was 1.42 mg. Similarly, 
he value of adhesiveness for cells from. a squamous cell carci-
oma of the lip was 0.47mg. Therefore, the force necessary to 
eparate cancer cells from each other was one-third of that re-
uired to separate normal cells. Coman believes that this phys-
·cal difference between normal and cancer cells is of primary 
in understanding the spreading of malignant cells, 
ecause if tumors were composed of tightly adherent masses of 
mechanism of invasiveness would be difficult to vis-
Since the malignant cells were found to be feebly attac -
d to one another, Coman thinks that this facilitated their sep-
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ation , thus causing them to become free to wander by means 
ameboid movement. 
In an attempt to find a chemical explanation for the reduc-
adhesiveness of cancer cells Coman (1947) subjected normal 
quamous epithelial cells to various alterations in the chemical 
omposition of the medium in which they were immersed while he 
their adhesiveness. He observed that absence of calci 
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medium caused a decrease in the adhesiveness of the eel s. 
f ince Brunschwig, Dunham, and Nichols (1946) found that cancerou 
· issue is abnormally low in calcium, it can be concluded that 
l he decreased adhesiveness of cancer cells is dependent upon 
heir low calcium content. For adequate treatment of the chem-
' cal composition of normal and neoplastic cells a more extensive 
eview of the literature is required. Because of the many chem-
1 cal factors involved, it is necess ary to terminate this dis-
~ ussion, for a new thesis can be written on this subject alone. 
This brief consideration of differences between normal and 
[
eoplastic tissues and the cells of which they are composed was 
ntended to serve as a basis for this paper. The . functional dif 
I rences betvveen normal and cancerous cells will no longer be dis 
~~ussed. Instead, the remaining observations will be focused upo 
Ihe cytological variation as the normal cell progresses toward alignancy, and, also, the histological changes in the epidermis uring the same interval. 
HISTOLOGY QK THE NORMAL EPIDEm~IS 
It is necessary to discuss the structure of the normal mous 
pidermis if the epidermal changes which occur during carcinogen -
is are to be understood. Although all the experiments have bee 
) erformed on adult mice, it should be interesting to observe the 
structure of the new born mouse as compared to that of 
idermis of the new born mouse 
At birth the mouse has an epidermis consisting of four dis-
inct strata, the names of which are subject to variation. Gibb 
1941) refers to these as the strata cylindricum, intermedium, 
. ranulosum, and corneum. Glucksmann (1945) defines them as the 
trata basale, spinosum, granulosum, and co1~eum. Since there i 
reason why either of the systems of naming should be dis 
the terms defined by Glucksmann will be used, for they 
be more expressive of the types of cells which make up 
layers of the epidermis. 
Gibbs (1941) and Glucksmann (1945) describe the epidermis 
s follows. The stratu~ basale, the deepest layer, consists of 
ells which stain lightly. Within these cells are large darkly-
: taining cuboidal nuclei. The stratum spinosum contains either 
iVO or three layers of large irregularly shaped lightly-staining 
ells with distinct oval nuclei. The stratum granulosum is a-
1 proximately four layers thick and composed of elongated vertica 
ells containing keratohyalin granules. In the upper layers of 
4 
use of=t 
keratinization which is occurring. However, the nuclei can be 
seen in the lower layers where the granules are not so dense. 
The stratum cornewn, the outermost layer of the epidermis, con-
sists of a thick single layer of cornified cells. 
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Gibbs (1941) states that the epidermis becomes slightly 
increased in. thickness during the first four days. From the fo th 
to the thirteenth day the epidermis decreases in thickness by 
suppression of the cell layers of the strata granulosum and 
spinosum. Gibbs claims this decrease is caused by a period of 
inactivity in the formation of epidermal cells. The thickness 
of the epidermis from the thirteenth day throughout the life of 
the mouse remains constru~t. In other words, the epidermis at 
this time consists of the same number of strata as the adult 
mouse. 
Epidermis of the Adult Mouse 
The epidermis of the interscapular region of the adult mou 
as described by Glucksmann (1945), is very thin ru~d is composed 
of either one or two layers of cells. In some areas such as th 
region of the ear, where there is a reduction in the number of 
hairs, more than two layers of cells can be distinguished. 
(1941) claims that the reason for the decreased nwnber of layers 
in the epilated parts of the mouse skin is that the epidermis 
itself is not actually used for protection, but instead, the 
smooth coating of hair lying above it acts in a protective 
manner. Therefore, those regions of the epidermis which ··o not 
ontain any significant amoun·t; of hair have an increase in the 
because the epidermis in this case serves to 
osum. 
Reller and Cooper (1944), after studying the normal epi-
ermis of the ear of the adult mouse, found that it consists of 
everal layers of cells. The basal layer contains from two to 
four rows of "undifferentiated" polyhedral cells with large nu-
clei and conspicuous nucleoli. Above this layer is the stratum 
granulosum composed of flattened cells with densely packed cyto-
lasmic granules which produce a homogeneous appearance of the 
cytoplasm. The outermost layer is the narrow stratum corneum. 
It has been necessary to describe the epidermal structure 
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of both the back and the ear, because the papers which will be 
discussed shortly are concerned with either one or the other of 
these areas. In the literature no articles were found concern-
ing methylcholanthrene epidermal carcinogenesis in mice in which 
any other areas of the epidermis were treated. 
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GENERAL ~KETHODS OF CARCINOGENESIS 
A number of methods are available for experimentally in-
ucing epidermal growths by means of a chemical carcinogen. 
hey differ in the dosage of the carcinogen, the number of appli 
ations, and the period of time during which the skin area is 
the carcinogen. The following experi-
ehts are the types with which this paper will be concerned. 
Infre uent Paintings 
Cramer and Stowell (1941), using a 0.6% solution of methyl-
holanthrene, experimented on mice of the Swiss strain. The 
arcinogen was applied by a single brush stroke to a small re-
ion of the back. They used the method of application in which 
he cells are treated with the carcinogen infrequently. In this 
nethod the methylcholanthrene solution was applied at intervals 
f 2 weeks, 3 weeks, and one month, respectively to three series 
f mice. Cancer was induced in all the mice. By this technic 
carcinogenic potency of a substance is measured in terms of 
of the methylcholanthrene; that is, the dose 
is needed to produce cancer. 
tandard Technic 
In the standard technic the methylcholanthrene solution is 
3 times weekly for 14 weeks. Therefore, there is a tota 
f 42 applications when the paintings are stopped. By this 
tandard method 100% of the mice develop skin cancer. In this 
ethod of continuous application the potency of the methylcholan 
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hrene is measured by the time necessary to induce cancer. 
By using the method of infrequent painting~ the effective 
dose is smaller than that found by the standard 
echnic, and further, the dose becomes increasingly smaller as 
between each successive application is prolonged. 
is will become more obvious when specific experiments are 
Cramer and Stowell (l943a) found that it is possible to 
reduce a carcinoma with only a single exposure of the skin to 
he methylcholanthrene solution. It seems that the condition 
eeded to produce a response of this type with only one applica-
/ ion of the carcinogen is a very large dose of the methylcholan-
hrene applied to a large area of the skin. 
The previous three types of technics used during carcino-
enesis show that it is possible to produce cancer in more ways 
However, these methods are ess entially the same, be-
ause painting of the methylcholanthrene on the skin surface to 
·nduce carcinomas simply proves that it does not matter whether 
he carcinogen is applied in one large dose or in a series of 
maller doses as long as enough carcinogen is applied to produce 
A detailed description of the exact results wil 
e presented presently. The remaining sections will consist of 
ctual details concerned with the histological and cytological 
ariations of the epidermis during carcinogenesis. There will 
e some slight modifications of the technics described such as 
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~arying the dosage administered, put one must realize that many 
scientists are experimenting on the ~same problem and that they 
night change the conditions somewhat depending upon the specific 
3.spect of the problem in which they are interested. 
Iistological Changes During Carcinogenesis 
Cramer and Stowell (1942) applied a 0.6% solution of methyl-
~holanthrene in benzene to the skin of a Swiss strain of mice. 
rhe carcinogen was applied only once. The mice were killed at 
~arious intervals, and the experiment was completed on the 28th 
aay after the single application. Histologically there were no 
· bvious changes noted within the first ten hours after the initi~l 
~pplication. On the second day the epidel!nis thickened while the 
~pithelial cells were enlarging and differentiating into basal 
ells, spinous cells, and cells of the stratum granulosum and 
orneum. The epidermis, therefore, on the second day consists 
If several layers of cells undergoing a process known as differ-
ntiation. The epidermis at this time appears to be similar to 
Jhe normal epidermis of the new born mouse. 
The increase in the number of cells cannot be accounted for 
y a corresponding increase in mitotic activity. Reller and 
ooper (1944) found the average n~unber of mitotic nuclei per 
I . 5,000 nuclei viewed on the second day to be 26.3. This was an 
ncrease of only 9.3 over the average mitotic count of 17 per 
5,000 nuclei in the normal mouse epidermis. Although there is 
slight rise in the mito-tic count, the great increase in the 
umber of cells of the epidel!nis cannot be attributed to mitotic 
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division. Consequently, this cellular increase has to be 
attributed to differentiation of the epidermal cells. These 
differentiated cells are slightly irregular in their arrange-
ments. They vary in shape, and show some slight nuclear abnorma -
ities. These changes in cellular structure will be discussed 
presently. 
On viewing sections of the epidermis on various days throug1 
the 28th day Cremer and Stowell (1942) found that it continually 
increased in thickness. This hyperplasia at first was thought 
to be caused by the continuous action of the methylcholanthrene 
on the epidermis, but Simpson and Cramer (1943) proved this con-
ception to be false. 
They studied the distribution of methylcholanthrene in the 
mouse epidermis during the first ten days after a single applica 
tion of a 0.6% benzene solution of methylcholanthrene. This was 
studied by ultraviolet fluorescence microscopy in frozen section3. 
They found that immediately after the application most of the 
carcinogen was seen in the keratin layer of the epidermis. The 
methylcholanthrene was partially dissolved in lipids of the ker-
atinized epithelium. The remainder of the carcinogen was present 
on the outermost surface of the epidermis, and a slight amount 
was absorbed in the subcutaneous regions of the skin. Between 
a period of six and ten days the fluorescence caused by the car-
cinogen had completely disappeared, not only from the epidermis, 
but from the rest of the skin as well. Therefore, it is not 
possible for the methylcholanthrene to produce a continuous 
11 
action on the epidermis throughout hyperplasia. 
Fies$r (1938) ·believes that the methylcholanthrene under-
goes a rapid alteration in the epidermis when it reacts with 
some other unknown chemical, thus causing the disappearance of 
the carcinogen. He is unable to say whether or not this reactio1 
is directly or indirectly involved in the process of carcino-
genesis, and whether changes in the epidermis eventually leading 
to malignancy occur before or after the disappearance of the 
methylcholanthrene. However, :h e hypothesizes that the reaction 
in which the methylcholanthrene disappears represents the first 
step in a time-consuming and complicated series of events lead-
ing ultimately to malignancy. 
Cramer and Stowell (1943a and 1943b) reason that the action 
of the methylcholanthrene is not a direct stimulating effect. 
inducing epithelial proliferation. Instead, they claim the di-
rect effect is a "short toxic" one causing injury to the epi-
dermal cells and, therefore, rendering them unable to undergo 
~itosis. The authors think that the subsequent hyperplasia 
which is produced can adequately be accounted for by assu~ing 
the formation in th.e epidermis of substances which cause pro-
liferation of the cells over a prolonged period. 
At the moment it is impossible to state what the direct 
action of the methylcholanthrene is, because the discussions 
above have consisted solely of speculations. Perhaps some in-
sight may be gained into this problem when the next section is 
reached concerning the carcinogenic potency of methylcholan-
12 
threne when dissolved in various solvents. 
Therefore, the histological changes involved during methyl-
cholanthrene epidermal carcinogenesis consist of a progressive 
epidermal hyperplasia which is followed by the appearance of a 
neoplastic epithelial growth, namely, a carcinoma. No definite 
time interval can be given between the first application of the 
methylcholanthrene solution and the appearance of a carcinoma 
because of the difficulties presented in the introduction of the 
paper. However, when the various experiments are discussed, the 
time ranges will be made knovv.n, but they can only be applied to 
the specific experiment in which they occurred. 
13 
METHYLCHOLANTHRENE AND ITS SOLVENTS 
--- --- ------~ 
It has been conclusively shown that methylcholanthrene is 
a carcinogen in that it causes a cancerous growth. · However, the 
effectiveness of the methylcholanthrene varies with the solvents 
in which it is dissolved. Some experiments have been conducted 
to see which solvent is the most favorable to use to produce 
carcinogenesis. Since most of the experiments employed either 
benzene or acetone as solvents, it would be wise first to de-
termine if either of these substances has any carcinogenic po~ 
tency. 
Benzene and Acetone 
Page (1938) used two series of mixed strains of mice. The 
first series had their backs painted with benzene three times :; 
weekly for an u ndisclosed number of weelm. The same method was 
used with the second series except that acetone rather than ben-
zene was used. The results of the two series can be discussed 
together, for they both exhibited the same appearance. Page 
found no hyperplasia or thickening of the epidermis. The nucleo i 
and nuclei appeared to be slightly smaller than those in the un-
treated normal mice. He concluded, however, that the variations 
in size of the nuclei and nucleoli throughout the time that the 
benzene and acetone were applied corresponded so closely to 
normal variations that it was apparent that no cytological chang~ 
in the epidermis was caused by these solutions • . Since there was 
no change in the thickness of the epidermis during the treat-
14 
ment, he also concluded that both benzene and acetone produced 
no changes in the number of epidermal layers. Therefore, when 
methylcholanthrene is dissolved in either of these solvents 
and than applied to the epidermis, any changes which occur in 
the number of layers or in the cellular structure can probably 
be attributed solely to the action of the methylcholanthrene, 
and not to the benzene or acetone which lack carcinogenic power 
Methylcholanthrene Dissolved in Lanolin 
Simpson, Carruthers, and Cramer (1945) dissolved methyl-
cholanthrene in melted anhydrous lanolin to obtain a 0.3% solu-
tion of the carcinogen. They applied this lanolin solution to 
a large portion of the skin of the backs of female mice of the 
Swiss strain three times weekly until a total of 42 application 
were made. It had been knovn1 that methylcholanthrene dissolved 
in benzene or in acetone produced distinct epidermal hyperplasi 
and changes in the cells of the epidermis, but the results of 
this experiment were rather astonishing. The lanolin solution 
of methylcholanthrene failed to induce a carcinoma. Not only 
did it fail to cause a tumorous growth, but it also lacked the 
power to induce those early changes which represent the initia-
tion of the carcinogenic process. This loss of carcinogenic 
potency cannot be attributed to a lack of absorption of the 
methylcholanthrene, because after examining the skin in ultra-
violet light, the authors found that the methylcholanthrene was 
absorbed from its solution in lanolin. 
Simpson and Cramer (1945) suggest two other possibilities 
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for the inability of the lanolin solution of methylcholanthrene 
to cause a change in the epidermal structure. The first is that 
the SY~n has undergone a change biologically becoming more re-
sistant to the methylcholanthrene; and the second is that the 
methylcholanthrene in the lanolin solution is in a chemically 
or physically inactive state. Following the above two h~pothe-
ses the experimenters investigated this question. 
The conditions of their experiment were the same as the one 
previously described. The backs of female Swiss mice were paint 
ed three times weekly with a 0.3% solution of methylcholanthrene 
in anhydrous lanolin. A total of 42 applications were made in 
all. The mice were then given a total of 5 applications of a 
0.6% solution of methylcholanthrene in benzene at 3 week inter-
vals. The controls were subjected to the application of the 
'
benzene solution without the lanolin solution first being applie~. 
The results of this experiment showed a striking contrast be-
~veen the experimental and the control series. The experimental 
series of mice developed epidermal hyperplasia and carcinomas 
more rapidly than those of the control series. r: :. In fact, the 
incidence of cancer in the experimental series when the investi-
gation was terminated was about twice that of the controls. 
Simpson and Cramer concluded from this experiment that the 
failure of the lanolin solution of methylcholanthrene to show 
any sort of cancerous disturbance cannot be attributed to an 
increased resistance of the skin. Although this solution pro-
duced no noticeable changes in the structure of the epidermis, 
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it did cause a remarkable sensitization to the following carcin-
ogenic response when the methylcholanthrene was applied in a 
benzene solution. Therefore, by eliminating this explanation 
for the lack of carcinogenic effect of the lanolin solution, 
there seems to be but one answer left. The other theory , whic1 
states that the lack of carcinogenic effect is to be found in 
the state of the methylcholanthrene, seems to be the only alter-
native left for explaining the inactivity of the lanolin solu-
tion. No final conclusions on this subject are permissable on 
the basis of the evidence which is available. However, if this 
is discussed fUl~ther, an arbitrary conclusion may be developed 
to aid in substantiating the above theory. 
Simpson and Cramer (1945) think that an acceptable answer 
to the problem of carcinogenic inactivity of the lanolin solu-
tion of methylcholanthrene is that the methylcholanthrene is 
not actually an active carcinogen. They state that "the role o 
the unaltered methylcholanthrene would be to sensitize epiderma 
cells to the action of some of its metabolic derivatives. To 
these derivatives which might actually represent a number of 
compounds would be ascribed the initiation of the subse~uent 
activities that lead to cancer." In other words, the methyl-
cholanthrene is merely a non-carcinogenic sensitizing agent 
which prepares the epidermis for subse~uent action by metabolic 
derivatives of the carcinogen, or by the formation of substance . 
within the epidermis as a result of exposure to these metabolic 
products. Therefore, it appears that methylcholanthrene in an 
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inactive solution such as lanolin causes sensitiveness in the 
epidermis to a later action of the carcinogen in an active solu-
tion of benzene. 
Methylcholanthrene Dissolved in Benzene and in Acetone 
Cramer and Stowell (1942) performed an experiment for the 
express purpose of determining the effect of solvents in methyl-
cholanthrene epidermal carcinogenesis. They compared benzene 
and acetone as solvents for methylcholanthrene. Three series 
of female mice of the Swiss strain were used. The first was the 
11 benzene series" in which a 0.3.% benzene solution of methylcholap.-
threne was painted on the backs three times weekly. The second 
was the "acetone series 11 in which a 0.3% acetone solution of 
methylcholanthrene was applied under the same conditions to an-
other group of mice. The third was the "acetone-benzene series" 
in which a 0.3% acetone solution of methylcholanthrene was appli~d 
in the same manner and on the same days as the first two series. 
Also, on alternate days three times a week, the mice of this 
third series were painted with a solution of the pure benzene 
solvent. All the mice in the three series received a total of 
42 applications. 
All the mice produced tumorous growths, but the rate at 
which the three series developed cancer was quite different. 
For example, by the 16th week of the e~~eriment, 75% of the mice 
in the "acetone-benzene series", 59% of those in the "acetone 
series", and 43 % of the mice in the "benzene seriesrr had develop~ 
ed carcinomas. Therefore, it can be seen that the highest in-
18 
cidence of cancer was found in the mice of the "acetone-benzene 
series 11 • The next highest incidence and least effective result~ 
were obtained in the 11 acetone 11 and 11 benzene series", respectiv eJy. 
In the experiments previously discussed concerning the 
carcinogenic potency of methylcholanthrene when dissolved in 
various solvents, an attempt was made to make clear the fact 
that the time necessary to cause hypel~lasia or carcinoma varies 
with the solvent used. The only solvent which did not cause 
carcinogenesis, when methylcholanthrene was dissolved in it, 
was lanolin. The other solvents, acetone and benzene, contribui~ 
greatly to the carcinogenic activity of the methylcholanthl~ene. 
Therefore, when any specific results concerning the time are 
needed, it will be necessary to state the solvent and other 
specific details used in performing the experiment. 
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CELLULAR CH]]TGES DURING CARCD~OGENESIS 
During carcinogenesis not only is there a histological 
change in the number of epidermal layers, but the cellular 
structures also undergo variation in the hyperplastic and car-
cinomatous tissues. Cowdry and Paletta (194la) applied a 0.3% 
benzene solution of methylcholanthrene to the epidermis of the 
inner surface of the ears of white mice whose strain was not 
mentioned. The applications were made three times weekly. The 
tissues were fixed in Bouinrs fluid at various intervals from 
the thirteenth to the sixty-second day. The experiment ceased 
at this time because carcinomas had appeared by the seventy-
second day, and the investigators did not wish to attempt to 
distinguish the features of malignant cells from those of nor-
mal and hyperplastic cells. 
The main purpose of this experiment was to detelinine what 
changes occurred in cellular and nuclear sizes during carcino-
genesis. The authors plotted a series of graphs to simplify 
the presentation of their results. The first graph concerned 
the volumetric changes occurring in the spinous and basal cells 
throughout hyperplasia. The data on these two types of cells 
were kept separate, because the authors did not know which type 
was the direct cause of squamous-cell carcinomas. Cowdry (1947 
states that since the basal cells are more active than the 
spinous cells, they might be considered the ones which produce 
the squamous-cell carcinoma. More facts on this question will 
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be discussed presently. The authors' results can be observed 
by examing their first graph. 
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Figure 1. Changes i~~volume in spinous and 
basal cells in transition from 
normal to neoplastic state. 
Cowdry and Paletta (194la). 
The graph in Figure 1. shows that the spinous cells have a 
greater volumetric increase than the basal cells. The lines 
between the data of the 62 day specimen exhibiting hyperplasia 
and the 72 day specimen with a carcinoma are incomplete near 
the former, because the authors did not know the transitional 
stages from hyperplastic to malignant cells. Therefore, the 
two lines start at the same point in the untreated epidermis, 
because the basal and spinous cells were undistinguishable 
from each .other in the normal epidermis, and they also converge 
at a common point representing cancer. The final convergence 
j 
of the lines does not mean that the cellular volume of the two 
types are the same during malignancy. On the contrary, it sig-
nifies that no data were gathered at this stage. 
The main point which should be observed from the graph is 
that at no time during this experiment did the volume of t he 
hyperplastic cells approach the smaller cellular volume found 
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in the normal epidermis. Other changes also occur in the cell 
at the time when the carcinogen is applied to the epidermis. 
Since Cowdry and Paletta (194la) first observed the epi-
dermis when it was exhibiting hyperplasia 13 days after the 
first methylcholanthrene application, they did not note the 
initial cellular changes. Cramer ru~d Stowell (l943a and l943b) 
state that the epidermal cells become injured when the first 
carcinogenic application is made. Perhaps the cellular volumes 
decreased during the first few days, but no mention has been 
made of this fact in any of the literature. Therefore, the 
first 13 days of the curve shown by Cowdry and Paletta (l94la) 
is only arbitrary. In this graph the investigators drew 
straight lines between the cellular volumes in the normal epi-
dermis and those in the hyperplastic epidermis on the 13th day. 
Since their first observation was on the 13th day, the graph up 
to that time cannot be assumed to be reliable. 
lifuclear Changes 
Accompanying changes in the cellular volume are nuclear 
variations during methylcholanthrene carcinogenesis. Cowdry 
and Paletta (194la), whose investigation on cellular volume 
have been noted, constructed a second graph concerned with the 
change in volume of the spinous and basal nuclei. ~Vhile the 
epidermis was exhibiting hyperplasia, the investigators meas-
ured 800 nuclei, of which 400 were from basal cells and the 
remaining 400 from spinous cells. The following is a repro-
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Changes in volume of spinous 
and basal nuclei of cells of 
epidermis in transition from 
normal to malignant state. 
Cowdry and Paletta (194la) 
In Figure 2. the nuclear volume gradually increases with 
duration of treatment and degree of resulting hyperplasia. 
Since the investigators did not view any nuclei in the carcin-
oma stage, an attempt should be made to obtain information 
elsewhere concerning this problem. 
Page (1938) applied a 0.3% benzene solution of methylchol 
threne three times weekly to the backs of an undisclos_ed strai 
of mice. He studied the areas of the nucleus, not the volume 
as in the last experiment. Howe ·v.er, since the volume of a 
st:r·ucture increases with an increase of its area, the volume 
varies directly with the area. Therefore, observations of the 
nuclear volume can be continued from the point where Cowdry an 
Paletta ceased their observations. 
The first squamous-cell carcinoma appeared, according to 
Page, seven weeks after the first application. The average 
nuclear area was greater in the carcinoma than in the hyper-
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plastic epide:rTIJ.is. This observation would mean that the 
nuclear volume also continued to increase from the hyperplastic 
to the neoplastic state. Since the nuclear volume of malig-
nant cells is greater than that of normal cells, it should be 
evident that certain nuclear structures also change when the 
epidermis undergoes a transition from the normal to the neo-
plastic stage. 
Green (1949) found three distinguishing characteristics 
which separate the malignant nuclei from normal ones in fixed 
preparations. These are (1) the presence of an abundant amount 
of granular material, in addition to the chromatin material 
and nucleoli; (2) a refractile quality of the nucleoplasm; 
and (3) the presence of many birefringent translucent hexagonal 
crystals. When a nucleus contains the above three features, it 
is considered to be a malignant of an "atypical'' nucleus. Of 
course, these char:acte:t:h:s.tics are also present in normal 
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nuclei; but most malignant nuclei possess them to a marked degxee. 
The following will be a detailed discussion of the exact 
appearance of these three features in the malignant nuclei as 
found by Green (1949). The first of these, which is the granu-
lar material, consists of two types of granules, ncoarse gran-
ules" and "fine granulesn. The ncoarse granules" are acido-
philic, irregularly shaped, and vary in size. In the stained 
sections the color of these granules causes the refractile 
appearance of the nuclei. The "fine granules" are composed of 
minute refractile particles which take on the appearance of 
darkness and retractility as the microscopic focus is changed. 
Sometimes these particles are found in normal nuclei in close 
proximity to the nucleolus. However, in the malignant cell 
many of these fine particles are present and are dispersed 
e qually throughout the nucleus. 
The second featUl~e mentioned is the refractile appearance 
of the nucleoplasm which is caused by some substance distributee 
uniformly throughout it. Since this material cannot be sta ined 
with either acid or basic dyes, the nucleoplasm becomes highly 
refractile in the malignant cell. The nucleoplasm of the normaJ 
nucleus is not so refractile as that of the maligna~t one, be-
cause a smaller amount of the substance is present. 
The third characteristic of the nuclei of the malignant 
cells is the presence of hexagonal crystals. The~e crystals 
have a slightly yellowish color and are almost completely 
transparent, thus causing difficulty in recognition. Their 
sizes vary from approximately the diameter of the nucleolus to 
that of the entire nucleus. These crystals also appear in 
normal nuclei, but they are more abundant in the malignant ones. 
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Green (1949) states that the presence of these distinguish-
ing features in the nuclei of malignant cells cannot be correlat~d 
with the origin of tumors. She is unable to state whether or 
not a tumor can arise if these nuclear changes do not occur. 
Therefore, no definite conclusion can be drawn because of lack 
of suitable knowledge concerning malignancy. Another aspect 
which should now be considered together with the nuclear changeE 
is the variation in the nucleolar size during epidermal carcin-
ogenesis. 
Nucleolar Changes 
At one time many investigators thought that the nucleolus 
played an extremely important role in distinguishing normal 
cells from malignant ones. However, since neoplastic cells 
show great variation in their appearance, no definite conclu-
sions can be drawn concerning any specific characteristic 
features. 
Page (1938) claims that almost every cell in the normal 
epidermis has a nucleus containing a single nucleolus. Some 
nuclei, however, are present with not only two nucleoli, but 
more. Page states that two days after the application of meth-
ylcholanthrene solution the average area of the nucleoli in 
the basal cell nuclei increased to more than twice that of 
normal nucleoli. The nucleolar area continued to increase and 
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by the seventh day it was three times that of the normal nucleo i. 
The increased nucleolar size continued to the fourteenth day 
during which there was marked hyperplasia. From this period 
on, the nucleoli regressed somewhat from the size attained 
originally. The nuclei also appeared smaller, but they were 
still greater than the normal size. When the carcinoma stage 
was reached, the nucleoli together with the nuclei again in-
creased in size. Hence, two peaks in both the nucleolar and 
nuclear sizes occurred. The first peak was about one week 
after the first application, and the second was at the time 
of the first appearance of malignancy. 
Van Haam and Alexander (1936) .found the nuclear-nucleolar 
volume ratio to be much lower for carcinomas than for the nor-
mal or hyperplastic epidermis. In the carcinomas the ratio 
never exceeded 15 to l, but in the normal and hyperplastic epi-
dermis the ratio was seen to be as high as 29 to l. Because of 
this extreme variation in ratios the authors claim that nalln 
carcinomas show an abundant amount of nucleolar material. This 
finding is in accord with Guttman and Halpern (1935) who observe~ 
the average nucleolar volume of neoplasms to be 25.1 cubic 
microns as compared to 12.93 cubic microns for simple hyper-
plasia, and 8.4 cubic microns for normal tissue. The reason for 
this great nucleolar volume in the tumors, according to the 
authors, was that the number of nucleoli in the cells of car-
cinomas was greatly increased over that in the cells of the 
normal and hyperplastic epidermis. In fact, as many as twelve 
nucleoli could be counted in some cells. Glucksmann (1945) 
found results which are similar to the above data. He also 
observed an increase in the nucleolar volume in malignant cells. 
Therefore, there does appear to be much nucleolar substance 
present in tumors. The large nucleolar volume in neoplasms 
would cause a decrease in the nuclear-nucleolar ratio, thus 
confirming the comparatively small ratio in carcinomas found 
by Von Haam and Alexander. 
/ 
Von Haam and Alexander (1936) and Guttman and Halpern (1935) 
state that nucleoli of the .hyperplastic epidermis frequently ma;y 
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be larger than the nucleoli of carcinomas. This statement is 
the exact opposite of ·t;hat made by Page ( 1938) in which the 
nucleoli had undergone an increase in size when transition 
from the hyperplastic to the malignant state occurred. Another 
statement, which is also contrary to the results found by Page, 
is that many carcinomas have nucleoli as small as those found 
in the normal epidermis. Not only do these authors present 
contradictory statements concerning the results found by Page, 
but they also contradict themselves in their own reports. Firs 
they state that the nucleolar volume is greatest in the carcin-
omas, and then they claim the size of the nucleolus during hy-
perplasia or in the normal epidermis to be greater or eQual to 
that in a carcinoma. It seems doubtful that they consciously 
made statements of opposite nature. 
Von Haam and Alexander (1936) claim that the most importan ' 
difference between the nucleoli of malignant and hyperplastic 
cells is that the nucleoli of the cancer cells have a great 
variety of shapes, while the nucleoli of the hyperplastic cells 
are usually round or slightly oval. However, Guttman and 
Halpern (1935) state that very little knowledge can be gained 
in the diagnosis of a tumor by observing the shape of the nu-
cleolus. Therefore, neither the size nor any other feature cnfL .. ' 
the nucleolus represents any common characteristic feature for 
neoplastic cells. In 17 carcinomas examined by Cowdry and 
Paletta (194la) the nucleoli of the malignant cells were larger 
and more numerous in 12, and smaller in 5, as compared with 
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those of the hyperplastic epidermal cells. Although it appearE 
likely that the majority of the cells in carcinomas possess 
large nucleoli, there are many cells in cancerous tissues 
showing small nucleoli. 
When a scientist believes he has found the answer, anothe~ 
investigator finds results which diff er. It must be remembered 
- . 
that scientific honesty is a pre-requisite for experimentation. 
Therefore, the results found by investigators can be considerec 
to be true only for the specific species of mice used and the 
methods employed to initiate epidermal hyperplasia and carcin-
oma. Each resulting carcinoma is a lmost a law unto itself. 
The sizes of nucleoli are subject to much variation in differen~ 
carcinomas. Hence, one can see why very little is knovvn about 
cancer. 
Changes in Nuclear Viscosity 
Some inves tigators believe that the primary difference 
between malignant and normal cells is one of viscosity. Others 
believe that the difference between the two types of cells may 
pertain to nuclear, nucleolar, chromosomal, or basal cell 
changes. It is not the purpose of this paper to draw any spe-
cific conclusions concerning this subject, for no conclusive 
evidence is yet available. In fact, not only are there wide 
spread differences of opinion concerning the cause of cancer, 
but, as has been seen previously, much of the microscopic 
changes of the cell and its contents during methylcholanthrene 
carcinogenesis are still being disputed by scientists. 
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This difference of opinion also exists in the case of the 
nuclear viscosity between normal and malignant cells. Dornfeld 
(1936) tested normal and malignant tissues for resistance to 
displacement of cellular contents when centrifuged at extremely 
high speeds. He found that the cells of carcinomas showed 
little or no derangement of contents while the nucleus and 
nucleolus of normal cells were forced to one side of the cell. 
Therefore, according to his results, the malignant cells ex-
hibited higher viscosity than the normal cells. 
Guyer and Claus (1939) agree with the above results. They 
placed a small piece of the tissue which was to be tested in 
an isotonic Locke's solution in the rotor of a Beam's air 
driven ultracentrifuge and rotated it at a speed which produced 
a displacement pull of about 400,000 times that of gravi-Gy. 
Their experimentation was done with certain organs of the an-
imal body and not with the mouse epidermis. However, since 
this section is concerned with the change of viscosity from 
normal to malignant cells, it should be pertinent to examine 
their findings. 
They claim that in almost every instance after ultracen-
trifugation of the tissue, the carcinoma cells showed either 
a little or no derangement of its contents while the cells of 
the normal tissue revealed marked displacement of its cellular 
components. For example, the carcinoma cell from the adrenal 
cortex was found to be completely untouched after ultracentri-
fugation. The rather large nucleus with its centrally located 
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nucleolus was situated in the center of the cell. ~~en the 
carcinoma cells in the control uncentrifuged preparations were 
examined, they resembled the ulmracentrifuged carcinoma cells t~ 
the most minute detail. In the normal cell from the same regio , 
after ultracentrifugation, the nucleus together with a large 
part of the cytoplasm were found occupying one side of the cell 
From the foregoing observations the protoplasm of cancer 
cells appears to be more viscous than that of normal tissue 
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cells. Since the nuclear and cytoplasmic contents of carcinoma 
cells are hardly displaced by centrifuging, Guyer and Claus (19 9) 
claim that "there would seem to be a general stiffening up of 
the entire cell substance". This finding was immediately 
attacked by two other observers. 
Cowdry and Paletta (194lb) do not accept the conclusions 
for two reasons. First, since Guyer and Claus (1939) implanted 
malignant cells into the adrenal glruid and other organs of rats 
and then subjected both the normal and carcinomatous cells to-
gether to ultracentrifugation, there was no provision for direc 
comparison of malignant cells with their normal prototypes 
which is necessary to bring out the actual differences, because ,, 
the malignant cells did not originate in these organs. Guyer 
and Claus reported that the resistance to displacement of tumor 
cell contents of various types is different, and, also, that 
displacement in different normal cells was subject to much 
variability. Therefore, Cowdry and Paletta believe a false 
impression might be obtained if a malignant cell which is 
highly resistant to displacement by centrifugation were com-
pared with normal cells of low resistancy. Second, Cowdry and 
Paletta hypothesized that since malignant cells were able to 
proliferate and invade tissues, one would not erpect them to 
have a stiffer cell substance than normal cells of the same 
origin. Therefore, according to these authors, 11 one would look 
on the contrary for greater fluidity and lower viscosity" in 
the cellular contents of a carcinoma. 
After stating this theory Cowdry and Paletta (194lb) pro-
ceeded to investigate the problem by securing data on the vis-
cosities of the nuclear contents of both malignant and normal 
cells of the same type. Thwapplied a 0.6% benzene solution 
of methylcholanthrene to the backs of the New Buffalo strain 
of mice three times weekly. They also used an ultracentrifuge 
of the Beam's type to compare the relative viscosities. The 
first step was to centrifuge the normal epidermal cells to ob-
serve whether displacement of the nuclear contents occurred. 
As a result, no uniform displacement was seen. However, in 
some regions of the basal layer the nucleoli and chromatin 
material shifted slightly in position. No displacement of nu-
clear contents of the corneal layer was noted. 
The next step was to centrifuge the cells of the hyper-
plastic epidermis. This was done at vaious time intervals up 
to the appearance of a carcinoma. After eleven days of treatme1t 
the nuclear contents of some of the basal ·cells showed a slight 
amount of displaceability. The chromosomes, however, were not 
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displaced. More displacement was noted in the spinous cells 
than in the basal cells. The spinous cells contained nuclei 
which were larger and had less chromatin material than those 
of the basal cells. Perhaps this was the reason for greater 
displaceability of the nuclear contents of the spinous cells. 
No displacement was seen in the corneal layer. 
After centrifugation of specimens treated for 49,51, and 
64 days, displacement of nuclear contents was still present, 
but not as distinct. In the stratum granulosum some of the 
cells exhibited displacement of the nucleoli and chromatin 
material while the cytoplasmic granules remained unaltered in 
their positions. Generally speaking, displacement at t h is 
time was greater than in the normal untreated epidermis, thus 
showing lower nuclear viscosity than previously. 
After the methylcholanthrene solution was applied for 160 
days, sq_uamous-cell carcinomas appeared . The cellular struc-
tures exhibited greater displaceability than was seen in the 
hyperplastic or normal epidermis. The large nuclei of the ma-
lignant cells have greater displaced contents, for there is 
more nuclear material to displace and a longer distance for it 
to move through. The chromosomes and cytoplasm also were ex-
tensively displaced. 
Cowdry and Paletta (194lb) believe a correlation is preser.t 
between the grade of malignancy and the amount of displacement 
of nuclear contents. They found that the greater the malignancy 
of the cell, the higher is the displaceability of its contents. 
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Also, to s~un up the data, greater displacement of nuclear con-
tents was found in the malignant cells than in the normal cells 
of the same type. Therefore, this suggests that a lower vis-
cosity exists in the malignant cells. 
From the above results one might think that the changes 
in the degree of nuclear displacement could be followed during 
carcinogenesis through the malignant state. But, Cowdry and 
Paletta (194lb) say this is not true. They claim that the on-
set of malignancy cannot be dete1~ined by observing the single 
cells. According to their theories, "malignancy can only be 
defined in terms of behavior". Although the nucleoli and chro-
matin material can be displaced by centrifugal force both in 
hyperplastic epidermal cells and in the cells of a s~uamous­
cell carcinoma, Cowdry and Paletta think that "their displace-
ability is not a sudden change which marks · the assumption of 
behavior which we call malignant". 
Cowdry and Paletta offer two possible explanations other 
than lowered viscosity for the greater displaceability of nu-
cleoli and chromatin material in malignant cells than in their 
normal prototypes. First, the higher o.isplaceabili ty may be 
caused by an increase in the specific gravities of the malig-
nant cells as compared to those of normal cells. Second, the 
effect may be due to a decrease in the specific gravities of 
the nucleoplasm while the above-mentioned components remain the 
same. 
Although no accurate information can be given concerning 
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either of these ~¥0 theories, it should be pertinent to discuss 
them to a greater extent. In regard to the first theory, it is 
a well knova1 physical principle that the greater the specific 
gravity of a substance, all else being equal, the more it is 
displaced. This rule would be applicable if the authors were 
able to discover any evidence for or against a change in the 
specific gravity of nuclear contents during transition from 
normal cells to malignant ones. However, they were unable to 
gather any information on this subject. Rather than discard 
this theory, it would be wise to keep it in mind in case some 
evidence is found some day which will substantiate it. 
In considering the second theory in which there is a de-
crease in the specific gravity of the nucleoplasm during carcin-
ogenesis, while the specific gravities of the nucleoli and chro-
matin material remain constant, Cowdry ru~d Paletta believe that 
the water content of the nucleoplasm may be greater in the cells 
of the carcinoma than in the cells of the hyperplastic or nor-
mal epidermis. If this were true, the nuclei of the malignant 
cells would have a greater water content than those of the nor-
mal untreated epidexmal cells, thus causing a lower specific 
gravity of their nucleoplasms. Hence, this would cause greater 
displaceability of the nuclear contents of the malignant cell 
than those of the normal cell. The investigators found the nu-
clei ():f. the spinous cells to be more displaced than the nuclei 
of the basal cells when they were both subjected to ultracentri-
fugation. The spinous cells could also be differentiated from 
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basal cells, because they were larger and contained less chro-
matin material. These last two differences are in direct line 
with the assumption that the water content of the spinous cells 
is greater, However, since little information is available 
concerning the water content of the nuclei, the above theory 
can only be considered as a hypothesis without any experimental 
data to serve as a basis. 
Now that the ~vo theories have been considered, we can 
discuss what the authors claim to be the main factor affecting 
the displaceability of the nuclear components. Cowdry and 
Paletta (194lb) think it is safe to conclude that the primary 
factor concerning displaceability is a change in the intranucle~~ 
viscosity. They think that the more displaceable the nuclear I 
contents, the lower the viscosity; and the greater the resist-
ance of the nuclear components to displacement, the higher the 
viscosity. They also state, however, that "low intranuclear 
viscosity is not a characteristic of malignant cells which 
normal cells of the same type are unable to exhibit 11 • 
The conclusion which can be drawn is that almost every 
malignant cell exhibits lowered intranuclear viscosity, and 
therefore, permits displacement of nuclear contents during 
centrifugation. A malignant cell cannot be recognized solely 
by its lowered intranuclear viscosity, because some normal cell~ 
also show this same attribute. Consequently, the determination 
of the extent of displaceability of the nuclear contents is but 
one step of many When eY~ining a cell for malignanay. 
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Mitotic Freguency During Carcinogenesis 
It is essential that data be gathered to de-liennine if a 
mitotic rhythm is present in the epidermal cells of the un-
treated mouse particularly because of the responses which 
these cells make after carcinogen ic substances axe applied to 
the skin. The term 11 mi to tic rhythm" means the rate and period 
ici ty of division of the cells. If there is a mitotic rhythm .:,_-
present in the normal mouse epidermis, the most favorable 
time -t;o apply the carcinogenic solution to the skin would be 
at the height of the mitotic activity. 
Cooper and Franklin (1940) studied the epidermis of the 
ears of the Old Buffalo strain of mice for the presence of 
mitotic rhythm. In order to keep the experimental conditions 
as constant as possible, they removed the right ears of the 
mice when they were fifty days old. The first ear was re-
moved at 1 A.M., the second at 2 A.M., and so on for hourly 
intervals until a period of 24 ho~lTS had elapsed. 
In order to determine the index of mitotic activity the 
number of mitoses in 15,000 nuclei of each ear were counted. 
The results obtained can be seen on the following chart: 
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15 2000 nuclei 
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Figure 3. The number of mitoses 
per 15,000 nuclei at 
hourly intervals in the 
normal epidermis. 
Cooper ru1d Franklin (1940). 
It can be seen from Figure 3. that the time of greatest 
mitotic activity was 10 A.M., and the time of least activity 
was 10 P.M. In general, the number of mitotic nuclei viewed 
in the epidermis removed during the day was more than double 
those which were encountered during the night. Cooper and 
Franklin believe this phenomenon can be explained by the fact 
that mice are noc-rurnal animals which rest and repair their 
tissues during the day. 
Blumenfeld (1943) in his studies on mice of the CBA 
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strain agreed with these findings of Cooper and Franklin. He 
found that a diurnal mitotic rhythm existed in the normal epi-
dermis with the maximum mitotic activity occ·:Uxring between 
8 A.M. and 12 noon, and the minimum mitotic activity between 
8 P.M. and 12 midnight. The following experiments will in-
dicate how the knowledge of mitotic rhythm is applied. 
Cooper and Reller (1942) conducted an experiment to deter-
mine the epidermal effects of methylcholanthrene on cell divi-
sion by counting the nmnber of mitotic figures present at vari-
ous intervals. Strain A male mice had both ea:r·s painted with a 
0.6% benzene solution of methylcholanthrene twice weekly. Two 
days after each application of the carcinogen both ears were 
excised from three mice. Therefore, the interval between the 
removal of the ears and the last application always remained 
constant. All applications were made at 12:00 noon at which 
time the mitotic activity of the epidermal cells was near its 
peak. 
The left ear was placed in Bouin's fixing fluid in order 
to make paraffin sections which would disclose any change in 
histological structure. The right ear was placed in a 1% aceti 
acid solution for the preparation of a total mount in which the 
nuclei could be counted. The authors chose an arbitrary number 
of 15,000 nuclei of the epidermis of each ear to see how many 
of the nuclei were undergoing the process of mitosis. A simpli 
fied manner in presenting their results would be by the use of 
the following chart. 
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Figure 4. The average number of mitoses per 
15,000 nuclei at vaiious intervals 
of time. Cooper ru~d Reller (1942). 
The chart in Figure 4. does not present an adequate 
account of the results. Before beginning the experiment Ooopei 
and Reller determined the normal rate of cell division in un-
treated mice to be an average of 17 mitotic nuclei per 15,000 
nuclei viewed. Therefore, after only one painting, ~~o days 
later, the average n~~ber of mitoses increased to 26.3. Dur-
ing the first 23 days of the experiment the average number of 
mitoses continued _to increase. Then there was a period of 
decreased frequency of mitosis which extended to the 65th day. 
Following this interval there was a rapid increase in the 
number of mitoses to the 93rd day when the experiment was ende ' 
because of the appearance of carcinomas. The authors believe 
that when a carcinoma first begins to appear, there is a defi-
nite increase in mitotic activity even though they have offerel 
no data as proof. One of the main factors which should be re-
membered from this study is that at no time throughout the 
~xperiment did the number of mitot~c cells of the treated mice 
approach that of the untreated epidermis. 
Cowdry and Paletta (l94la) obtained results which seem to 
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substantiate the theory submitted by Cooper and Reller concern-
ing the increased mitotic incidence in the carcinoma. They 
applied a 0.3% benzene solution of methylcholanthrene to the 
inner surfaces of the ears of white mice three times weekly. 
They then determined the incidence of mitosis in 500 nuclei of 
basal cells and in an equal nun1ber of spinous cells from the 
normal epidermis, hyperplastic epidermis, and squamous-cell 
carcinoma. Their results can be seen in the following table: 
Tissue Layer Period of treatment 
in days Basal Spinous 
0 Normal epidermis 0 0 
13 Hyperplastic epidermis 5 0 
19 II II 5 2 
31 II II 2 1 
39 II " 7 2 46 II II 15 5 
62 II II 5 1 
72 Squamous-cell carcinoma 36 0 
Figure 5. Incidence of mitosis. 
Cowdry and Paletta (l94la). 
Since no mitoses were seen in either the basal or the 
spinous nuclei in the normal epidermis, it must be remembered 
that some nuclei are exhibiting mitotic activity, but the num-
ber of these is very low. If more nuclei were examined, the 
investigators undoubtedly would have seen some undergoing mi-
tosis. The table in Figure 5. shows that the mitotic activity 
in the basal nuclei of the carcinoma is much greater than the 
number of mitoses in either the normal or hyperplastic epider-
mis . It can also be seen that the mitotic nuclei of the spi-
nous cells did not change greatly during carcinogenesis. In 
fact, no signs of mitotic activity were observed in these cells 
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in the carcinoma. The authors believe that the greater in-
crease of mitoses in the basal rather than in the spinous lay-
er indicates that the impetus to hyperplasia operates mainly 
in the basal layer. Nothing more crul be said of this theory, 
because no other data have been found on the subject. 
The results of this experiment do show, however, that 
more mitoses are present in the carcinoma than in the hyper-
plastic epidermis. This fact was also substantiated by Cramer 
and Stowell (1943a) who stated that many more mitoses are 
present in the carcinoma than in any stage preceeding it. 
Therefore, these authors are in agreement with the theory of 
increased mitotic activity in the carcinoma expounded by 
Cooper and Reller (1942). 
Blumenfeld (1943) obtained results which differ from the 
findings above concerning the mitotic incidence in the carci~- ~ 
oma. He applied a 0.3% benzene solution of methylcholanthrene 
to the interscapular region of a CBA strain of mice twice 
weekly. Carcinomas appeared within a period of 14 to 15 
vveeks. After comparing the mitotic activity in eq_ual areas 
of the carcinomatous and normal tissues, he found that the 
number of nuclei undergoing mitosis in the carcinoma was no 
greater than the maxim~un mitotic activity found in the normal 
epidermis. 
Before discussing this aspect of the experiment any 
further, Blumenfeld's results would be more clearly under-
stood if another portion of his study were first examined. 
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As has been seen in papers by Cooper and Franklin (1940) and 
Blumenfeld (1943) a definite diurnal mitotic rhythm exists in 
the normal mouse epidermis. However, Blumenfeld also found 
that no diurnal rhythm existed in carcinomatous tissues. That 
is, the average mitotic activity at 8 A.M., 4 P.M., 12 midnight 
and 4 A.M. was almost identical in the carcinoma. 
Blumenfeld found no significant difference in the average 
number of mitoses between the normal epidermis and the carcin-
oma during the period from 8 A.M. to 12 noon. However, during 
the remainder of the 24 hour period he reports that "statisti-
cally significant11 differences were present as the mitotic 
activity remained constant in the carcinomas and decreased in 
the normal epidermis. Since he claims that the number of mi-
toses in the carcinoma and normal epidermis are approximately 
the same, it is difficult to say whether he or the previous 
investigators have the more reliable data. All that_ can be 
said on the subject is that the consensus of opinion points to 
an increase of mitotic activity in the carcinoma stage. 
Cooper and Reller (1942) examined sections of the left 
ear to see if any changes in the histological structure of the 
epidermis could be correlated with the variations of the mitoti 
activity seen previously from the total mounts of the right 
ear. Two days after the first painting with the carcinogenic 
solution the epidelillis showed a very slight change from that 
of the untreated mice. However, by the sixteenth day the epi-
dermis had become differentiated into three layers. A basal 
l======ll=,~~~0ll£d:a¥S+, and~ gr.nnu-lax,d_~v~=>r wA-r~=> ~ ll nreR ent 
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at this time, thus definitely exhibiting marked hyperplasia. 
From the sixteenth to the sixtieth day the degree of h~per­
plasia remained fairly constant. From this time to the end 
of the experiment the epidermis became more hypel~lastic and 
in some cases the epidermis had lost its rather regular arrange 
ment into layers. 
There seems to be a relationship bet~een the histological 
changes and the mitotic activity, but the correlation is not 
too great. While the epidermis was exhibiting hyperplasia, 
there was an increase in the mitotic incidence. However, while 
the number of epidermal layers remained constant for a period 
of 44 days, the mitotic activity also remained constant for 
a very short while, but later underwent a sharp decrease. The 
highest correlation which can be gathered from the data given 
can be found in the last phase of the experiment. The marked 
increase in the degree of hyperplasia of the epidermis coincide 
with the period in which there was the final marked increase in 
the number of mi to.ses. 
Although this experiment gave comprehensive data on the 
rate of mitotic activity in the epidennis from two days after 
the initial painting to the development of a carcinoma, Reller 
and Cooper (1944) realized that significant changes may occur 
during the first 48 hours after a single application of the 
methylcholanthrene solution. The experimental method used was 
essentially the same as that described by Cooper and Reller 
(1942) except that only one application of the carcinogen was 
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applied, and both ears of three mice were removed at six hour 
intervals for a period of 48 hours. The following table shows 
their results: 
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Figure 6. The average number of mitoses 
per 15,000 nuclei at 6 hour 
intervals up to 48 hours. 
Reller and Cooper (1944). 
It can be seen that there is a peculiar fluctuation in the 
mitotic count during the first 48 hours. In the first 12 hours 
the number of mitoses was less than that foUnd in the normal 
epidermis. However, statistically speaking, the difference 
seems to be too small to be significant. The remaining stages 
of the last 36 hours showed both an increase and then a de-
crease in the mitotic incidence , but all these specimens had 
a mitotic count which was greater than the average number of 
17 mitoses per 15,000 nuclei seen in the normal epidermis by 
Cooper and Reller (1942). 
The fact that the mitotic count decreased during the first 
12 hours after the application may be explained by the differ-
ences in mitotic rhythm found by Cooper and Franklin (1940). 
As was seen previously, the greatest mitotic rhythm appeared 
during the day, and the least during the night. Since the six 
45 
and twelve hour specimens were removed at 6 P.M. and at mid-
night, they were taken during the low cycle of the rhythm. 
Although this seems to be the answer to the primary mitotic 
decrease, this factor alone cannot be regarded as the cause of 
this change. 
Certain histological changes are also present during the 
48 hour period following the application of the carcinogenic 
solution. At the 6 hour interval the epidermis was from two 
to four cells in thickness. This stage showed a very slight 
variance from the normal untreated epidermis. However, there 
was a definite change noted in the sections examined from 
twelve to thirty hours. There were scattered areas in the epi-
dermis which appeared to be only one cell in thickness. During 
this same period the granular layer of other sections of the 
epidermis was more conspicuous. There were numerous distinct 
cytoplasmic granules, and the nuclei were larger in this layer. 
The stratum corneum, although still present, did not show any 
change from that of the normal. The epidermis from 36 to 48 
hours after the painting was thicker than any of the previous 
sections examined. The granular layer was not so outstanding 
as in the earlier intervals and the stratum corneum still ex-
hibited no conspicuous alteration. 
Chromosomal Changes 
Another factor which has to be considered during epider-
mal carcinogenesis is the chromosomal changes. This change 
usually follows in a fairly regular order, but there are many 
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cases in which this is not true. Many investigators have 
thought that the doubling and quadrupling in the size of the 
chromosomes was a primary cause in the production of the mal-
ignant cell. However, Lewis (1935) believes that the abnor-
malities of the chromosome structure of malignant cells are 
secondary rather than primary phenomena to other cellular 
changes. 
Guyer and Claus (1939) state that doubled chromosomes are 
rarely seen in malignant cells. After these malignant cells 
were subjected to ultracentrifugation, however, the number of 
doubled chromosomes in metaphase was extremely high. The authors 
state that when this doubling effect is produced by ultracen-
trifugation, the metaphase chromosomes are still able to com-
plete their mitotic division, but lack the power to form daugh-
ter nuclei as they ordinarily would do. This interpretation 
appears to be reasonable, because nuclei in the anaphase stage 
of mitoses were almost entirely lacking in sections from the 
centrifuged material, whereas they were numerous in the uncen-
trifuged tumor cells. Guyer and Claus have submitted two 
theories for the inability of the metaphases to become ana-
phases in the centrifuged tumor cells. 
The first theory is that the cytoplasm of the metaphase 
cell has such a high viscosity that the chromosomes lack the 
ability to move through it, and thus, could not proceed to 
form the anaphase nucleus. This is a very improbable assump-
tion, for Cowdry and Paletta (l94lb) found the nuclear viscos-
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ity to be very low in malignant cells. 
The second theory expounded by Guyer and Claus is that 
the spindle had been destroyed or its development prevented. 
This hypothesis appears to be more logical than the previous 
one, because if something were to happen to the spindle mech-
anism, the chromosomes would have no place to migrate toward, 
thus causing a multiplicity of chromosomes within one cell. 
Since the experimental method employed by these investigators I 
was found by Cowdry and Paletta (194lb) to be faulty, it would j 
be safe to discard their results, because they conflict with -:-: ,1):; 
those of many other investigators. 
The remainder of the material on this subject appears to 
be more consistant with the general knowledge concerning 
chromosomal changes during carcinogenesis. .A pertinent ex-
periment showing the changes in chromosome size during epider-
mal carcinogenesis was performed by Biesele and Cowdry (1944). 
They used the method in which a 0.6% benzene solution of methyJ~ 
cholanthrene was applied only once to the back of the New 
Buffalo strain of mice. All the mice were killed at 11:00 A. M., 
because the mitotic rhythm was greatest at that time. The in-
vestigators then made squash preparations for examination of 
the chromosomes. Since the metaphase chromosomes yield the 
most valid information concerning chromosomal enlargement, 
these were the only ones studied in the experiment. 
~Vhen the authors examined 200 metaphases in the normal 
untreated epidermis, no signs of doubled chromosomes were 
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present. One day after the single painting there was still 
no sign of an increased chromosomal size. The first doubling 
of the chromosomes was seen on the second day when each of two 
mice showed one metaphase with doubled chromosomes in fifty 
examined. Biesele and Cowdry claim that this difference of 
2% in freQuency between the metaphases of the first and second 
day cannot be considered statistically significant. 
vVhen the specimens were examined at the ' three day interval 
the freQuency of enlarged chromosomes was increased very not-
ably. Thirteen per cent of all the metaphases examined in 
three mice showed enlarged chromosomes. In fact, not all of 
the enlarged chromosomes were doubled. A total of 2% of the 
13% exhibited QUadrupled chromosomes. Biesele, Poyner, and 
Painter (1942) found that can,c'er cells had enlarged chromosomes 
similar to those observed by Biesele ru~d Cowdry (1944) three 
days after the carcinogenic application. Biesele and Cowdry 
also observed a pronounced aberration in the chromosome numbers 
at this time. This finding is associated with the app earance 
of chromosomes of malignant cells. Therefore, at this early 
period of three days the chromosomes show a marked resemblance 
to those of cancer cells. 
The frequency of metaphases with enlarged chromosomes 
underwent considerable variation from this time up to .and in-
cluding the carcinoma stage. The' follosing graph shows the 
results obtained from this experiment. 
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In all the stages up to and including 72 days the fig-
ures are averages of specimens from many mice. But, the later 
percentages are of single hyperplastic epidermises or of singl 
carcinomas. As can be seen from the graph in Figure 7., the 
frequency of metaphases with enlarged chromosomes at 10 days 
is 6.8%. Both the 20 and 29 day specimens exhibited the same 
frequency of 8%. No data is available from 29 to 57 days, 
but on the 57th day the frequency, when 400 metaphases were 
examined, was at an extremely low value of 2.8%. The authors 
claim that this drop is of doubtful significance because there 
might have been a gradual decline in the frequency from 29 
days to that time. The remainder of the graph should be self 
explanatory except that the epidermis examined at 169 days 
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was no longer hyperplastic, but carcinomatous. 
In the specimens exrunined between the 72nd and lOBth 
days an average of 20% of the metaphases exhibited enlarged 
chromosomes, whereas those studied up to this 'time showed an 
average fre~uency of about 6.9%. The greatest increase in 
frequency of enlarged chromosomes took place in the transition 
from hyperplasia to malignancy. Therefore, from these results 
it is possible to draw general conclusions. 
During carcinogenesis there tends to be an increase in 
the frequency of metaphases with enlarged c~omosomes. There 
are individual specimens showing a decrease in frequency, but 
- -
when the results are looked at as a whole rather than separate-
ly, the generalization, that the fre~uency of metaphases ex-
hibiting enlarged chromosomes is increased during carcinogene-
sis, can be made. 
Lewis (1935) agrees with the results obtained above. He 
states that almost every tumor shows cells with abnormal 
chromosomal complexes and mitotic figures as well as normal 
ones. Many malignant cells were -seen with the diploid, tetra-
ploid, and greater numbers of chromosomes. Cells containing 
such variable numbers of chromosomes were frequently observed 
undergoing mitosis. 
Lewis (1935) claims that the unequal distribution of 
chromosomes of malignant cells during tripolar divisions is 
caused by the unequal size of the 3 limbs of the Y shaped 
metaphase plate, and also, from the fact that the total number 
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of chromosomes in the three-limbed metaphase plate usually is 
not able to give each of the three daughter nuclei the normal 
number of chromosomes. An interesting observation recorded 
by Lewis is that all tumor cells from any one tumor are alike 
even if some of the cells are smaller with smaller nuclei and 
a fewer number of chromosomes than those of other cells, He 
states, therefore, that since the general cytological charac-
teristics of malignant cells in any one tumor are similar to 
each other, the chromosomal variation has no particular effect 
on the cytoplasm except to increase or to decrease its volume. 
In discussing the abnormal distribution of chromosomes in 
malignant cells Lewis states that this phenomenon takes place 
through the occurrence of nlagging and aberrant chromosomes 11 • 
He claims that the chromosomes very often do not get into the 
metaphase plate, and when both sets of chromosomes are trans-
mitted to the daughter nuclei, they are not included. Instead, 
they are left in the cytoplasm to form minute chromosomal 
vesicles. A similar occurrence also tru{es place when one or 
more chromosomes from the metaphase plate fail to pass to the 
daughter nuclei. The lagging chromosomes also remain behind 
to form small vesicles. 
Lewis (1935) does not kriow the ultimate fate of these 
chromosome vesicles • . In fact, what happens to the cells con-
taining these is still a mystery. After observing these cells 
for ~uite some time, he found that they retain their essen 
cytological characteristics as long as he followed them. 
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studying this problem, Lewis presented a theory which appears 
to be of immense importance. He thinks that the cytological 
characteristics of malignant cells are not dependent on the 
maintenance of the exact number of chromosomes. Because of 
this, he states that the alteration in clLromosome structure 
and number are independent of malignancy, and the variable 
distribution of chromosomes in malignant cells is probably 
secondary t o changes exhibited in other parts of the cell. 
This hypothesis is also the basis of the ideas enumerated 
by Politzer (1935). In considering whether malignant cells 
are produced by chromosomal aberrations, he gives some facts 
to show that the chromosomal changes cannot be considered as 
primary causes of malignancy. He states that although many 
diploid, tetraploid, and other similar types of chromosomes 
are most frequently found in malignant cells, some carcinoma-
tous cells do possess the normal chromosome content. Since 
there are malignant cells with the normal chromosome content, 
Politzer thinks that it is not justifiable . to assume that 
chromosomal changes are the cause of cancer. He also states _. 
that since abnormal mitoses ~· canr:be found in both :11alignant 
and normal cells and since abnormality is not constant even in 
cancerous cells, it is impossible to say that the chromosomal 
alterations or any other cellular change can be considered as 
a primary cause of malignancy. Therefore, all the cellular 
changes present during carcinogenesis can be considered as 




The histological and cytological changes occurring when 
the mouse epidermis is treated with methylcholanthrene have 
been discussed. N"o attempt was made to correlate the cellular 
changes exhi?ited between normal and malignant cells with the 
functional differenc·es -existing between the two. 
After t h e methylcholanthrene solution is applied to the 
epidermis, the carcinogen remains in the skin for a period of 
six to ten days. Theories have been stated concerning the 
continued hyperplasia and resulting carcinoma once the methyl-
·cholanthrene has disappeared. A discussion was also pursued 
to obtain an acceptable reason for the failure of the lanolin 
solution of methylcholanthrene to produce hyperplasia. No 
definite conclusion can be given because of lack of experimenta 
data on this subject. 
The general methods of inducing carcinogenesis such as 
(1) infrequent paintings, (2) standard technic, and (3) single 
applications have been discussed. The histological changes 
occurring after methylcholanthrene treatment of the epidermis 
were described as a differentiation of the normal cells into 
basal cells, spinous cells, and cells of the stratum granulosum 
and corneum. The epidermis· became thickened or hyperplastic 
for a long interval of time, and then entered the neoplastic 
or carcinoma stage which is the cancerous condition. 
During carcinogenesis the cellular structures also undergo 
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a change. A steady increase in volume of the spinous and 
basal cells together with their nuclei was noted up to and 
including the carcinoma stage. The malignant nuclei usually 
can be distinguished from normal ones by three characteristics, 
but these features do not always represent the cancerous con-
dition, for some normal cells also may have the same appear-
ance. These characteristics are (l) the presence of an abun-
dant amount of granular material, in addition to the chromatin 
material and nucleoli; (2) a ~efractile quality of the nucleo-
plasm; and (3) the presence of many birefringent translucent 
hexagonal crystals. 
Accompanying the nuclear changes is the variation in the 
nucleolar size. No specific conclusion can be given concerning 
the nucleolus, because some investigators claim that its size 
increases, and others state its size remains constant during 
carcinogenesis. It cruL be said, however, that much nucleolar 
substance is present in the cancerous cells because of the 
appearance of many nucleoli; but multiple nucleoli can also be 
seen in some normal cells. Th~refore, neither the size nor 
numbers of nucleoli present represent any common characteristic 
feature for neoplastic cells. 
A discussion was pursued concerning the change in the 
nuclear viscosity during carcinogenesis. DL general, the vis-
cosity is lower in malignant cells than in normal cells. The 
~uclear contents of malignant cells usual+y show a greater 
displacement than those of normal cells, but there are normal 
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cells whose contents are displaced in the same manner as those 
of malignant cells when both are subjected to ultracentrifuga-
tion. Therefore, a definite difference between the two types 
of cells cannot be regarded as -one of viscosity. 
A change in the number of mitoses is present duxing carcin 
ogenesis. In general, there is an initial decrease of mitotic 
activity followed by an increase and then an inhibition, which 
in turn, gives way to a second and more pronounced increase in 
the number of cell divisions. Although there are conflicting 
points of view, the consensus of opinion points to an increase 
of mitotic activity in the carcinoma stage. 
The final factor which was considered during epidermal 
carcinogenesis was the chromosomal changes. The frequency of 
enlarged chromosomes and aberration in the chromosome numbers 
in the malignrult cell is usually much greater than in the nor-
mal cell. Although these chromosomal characteristics are most 
fre quently_- f'ound in malignant cells, some carcinomatus cells 
also possess the normal chromosome ._. content. 
Therefore, no specific distinguishing characteristic can 
be found to differentiate the normal from the malignant cell. 
Although many features tend to be present in the cancerous cell~ ~ , 
these can also be seen in some normal cells. Because of this 
difficulty in recognizing one cell from another it is imposs-
ible to draw any specific conclusions. 
Perhaps further experimental studies in the field of can-
cer may elicit valuable knowledge some day concerning this sub-
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ject. It is hoped that the data obtained from these future 
experiments will be instrumental in arriving at the direct 
cause of cancer and, later, in finding a cure for this worst 
disease ever knovvn to man. 
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ABSTRACT 
The histological and cytological changes occurring when 
the m~use epidermis is treated with methylcholanthrene are 
subject to so much variation that it is almost impossible to 
draw any specific conclusions. Difficulties in the presenta-
"Gion of the results arise because of variations in the strains 
of mice used, differences in the site of application and method~ 
of administration of the methylcholanthrene, differences in 
dosages of the carcinogenic solution applied, and the fre~uency 
of applications. Not only is it difficult to come to any con-
clusions because of the methods used in experimentation, but, 
also, the final results in many of the experiments are contrarJ 
to tl1ose found in others. Therefore, in all the experiments 
on epidermal carcinogenesis the changes occurring in any 
cellular structure can only be applied to one specific experi-
ment, and not to others . 
There are definite fUnctional differences existing be-
t~ween the normal and malignant cells in that the normal cell 
is under some obscure type of control preventing multiplication 
and spread throughout the body. Perhaps a reason for the 
ability of the malignant cells to permeate adjacent tissues is 
that the force necessary to separate attached pairs of neo-
plastic cells from each other is about one-third of that re-
~uired to separate normal cells. Therefore, since the malig-
nant cells are feebly attached to one another, their separatior 
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would be greatly facilitated, thus causing them to become free 
to wander by means of ameboid movement. No attempt was made 
in this thesis to correlate the cellular changes exhibited be-
tween normal and malignant cells with the functional difference .. 
existing between the two, because many malignant cells have 
been found containing the normal cellular content. 
General Methods of Inducing Carcinogenesis 
A number of methods are available for experimentally in-
ducing epidermal growths by means of a chemical carcinogen. 
These methods are (l) infrequent paintings, (2) standard techni 
in which the methylcholanthrene is applied three times weekly 
for fourteen weeks, and (3) a single application of the car-
cinogenic solution. These technics, however, are essentially 
the same, because painting of the methylcholanthrene on the 
skin surface to induce carcinomas simply proves that it does 
not matter whether the carcinogen is applied in one large dose 
or in a series of smaller doses as long as enough carcinogen 
is applied to produce· carcinogenesis. After the first methyl-
cholanthrene treatment the epidermis becomes thickened while 
the epithelial cells are enlarging and differentiating into 
basal cells, spinous cells, and cells of the stratum granulssum 
and corneum. The epidermis continues to become hyperplastic 
or thickened for many days and then it is transformed into a 
carcinoma. 
In the method of a "single application" it is not possible 
for the methylcholanthrene to produce a continuous action on 
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the epidermis throughout hyperplasia, because the carcinogen 
was seen by ultraviolet fluorescence microscopy to disappear 
within a period of six to ten days. Many investigators think 
that the subsequent hyperplasia which is produced after the 
disappearance of the methylcholanthrene can be accounted for 
by assuming the formation in the epidermis of substances which 
cause proliferation of the cells over a prolonged period. As 
yet, no experimental data can be presented to substantiate the 
above theory. Therefore, nothing more can be said of this 
until more knowledge is gained on this specific subject. 
Methylcholanthrene and its Solvents 
Methylcholanthrene is a carcinogen because it causes a 
cancerous growth. Since most experiments were performed using 
this carcinogen dissolved in either benzene or acetone, it was 
necessary to determine if either of these solvents has any car-
cinogenic potency. After applying these ~vo substances without 
the methylcholanthrene dissolved in them to two series of mice, 
no hyperplasia or cytological changes in the cells were noted 
in the epide1~is. Therefore, it can be concluded that these 
solvents by themselves lack the power to produce cancer. As 
a result, the initial changes in the epidermis after the methyl 
cholanthrene solution is applied can be attributed solely to 
the action of the methylcholanthrene, and not to these solvents 
which lack carcinogenic power. 
The time necessary to cause hyperplasia or carcinoma 
varies with the solvent used. It was found that after a spe-
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cific period of time mice treated with a 0.3% acetone solution 
of methylcholanthl~ene developed carcinomas more rapidly than 
mice treated with a 0.3% benzene solution of the carcinogen. 
Therefore, it can be seen that the solvent used contributes in 
varying degrees to the carcinogenic activity of the methylchol-
anthrene. 
\~en methylcholanthrene is diss olved in lanolin, however, 
ruLd applied to the epidermis, the epidermis fails to exhibit 
any changes which represent the initiation of the carcinogenic 
process. This loss of carcinogenic potency cannot be attribut 
ed to a lack of absorption of the methylcholanthrene, because 
the carcinogen was found to be absorbed from its solution in 
lanolin. Various theories have been discussed concerning the 
inability of the lanolin solution of methylcholanthrene to 
produce epidermal changes, but no specific data are present 
to confirm them. 
Cellular Changes Durin~ Carcinogenesis 
During carcinogenesis not only are there histological 
changes in the number of epidermal layers, but the cellular 
structures undergo variations in the hyperplastic and carcino-
matous epidermis. The volumes of the basal and spinous cells 
were seen to increase steadily from the normal epid~rmis up 
to the time of carcinoma. No observations of cellular volume 
were made in the carcinoma stage. The main point which should 
be remembered is that at no time did the volume of the hyper-
plastic cells approach the smaller cellular volume found in 
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the normal epidermis. 
Accompanying changes in the cellular volume during 
methylcholanthrene carcinogenesis are nuclear variations. The 
volumes of the basal and spinous nuclei gradually increased 
with duration of treatment and resulting hyperplasia. The 
volume of these nuclei also appeared to be larger in the car-
cinoma than at any other stage preceeding it. However, since 
only one eA~eriment was found concerning the nuclear volume 
in the carcinoma, it is difficult to make any generalizations 
on this subject. 
The malignant nuclei usually can be distinguished from 
normal ones by three characteristics, but these features do 
nqt always represent the cancerous condition, for some normal 
c'ells may also have the same appearance. These characteristics 
are (1) the presence of an abundant amount of granular material 
in addition to the chromatin material and nucleoli; (2) a re-
fractile quality of the nucleoplasm; and (3) the presence of 
many birefringent translucent hexagonal crystals. 
Accompanying the nuclear changes is the variation in the 
nucleolar size during carcinogenesis. No specific conclusions 
can be given concerning the nucleolus because of many wide-
spread opinions. Some investigators observed that the nucleo-
lar size increases in the hyperplastic epidermis, and then be-
comes greater again in the carcinoma. Others have found that 
the size of the nucleolus in the carcinoma is no greater than 
that found in the nonnal epidermis. Since there is such a 
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wide variation in experimental results on this subject, no 
conclusion can be drawn concerning the nucleolus which seems to 
be significant is that much nucleolar substance is present in 
malignant cells because of the appearance of many nucleoli. 
This point alone cannot serve as a basis, though, for distin-
guishing between normal and malignant cells, because some nor-
mal cells also contain multiple nucleoli. Therefore, neither 
the size nor any other feature of the nucleolus represents any 
common characteristic feature for neoplastic cells. 
During carcinogenesis the nuclear viscosity undergoes a 
considerable change. Some inves tigators found after centrifug':"'.·-· 
±ng : ·~normal, hyperplastic and malignant cells that the nuclear 
viscosity was less in the normal cells than in the others. The 
method of experimentation used by these men was found to be 
faulty by other scientists who, after correcting the conditions 
employed previously, found the nuclear viscosity to be less in 
the malignant, higher in the hyperplastic, and still higher in 
the normal cells. Therefore, in considering this last finding 
to be more reliable than the first, it is possible to conclude, 
in general, that malignant cells show a greater displacement 
of nuclear contents than normal cells when both are subjected 
to ultracentrifugation. But, one fact which should be empha-
sized is that some normal cells have their contents displaced 
in the same mru1ner as malignant cells. Therefore, not all 
malignant cells show a lesser nuclear viscosity than normal cell I:;. 
Instead, a generalization can be made by stating that more often 
than not the nuclear viscosity is lower in the malignant cells 
than in the normal cells of the same type. 
In discussing the mitotic activity during carcinogenesis 
it would seem that there is an initial decrease in the number 
of mitoses followed by an increase and then a decrease,which 
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in turn, gives way to a second and more pronounced increase . in 
the number of cell divisions. Although there are conflicting 
points of view, ~he bulle of evidence points to an increase of 
mitotic activity in the carcinoma stage. One point which appears 
to be significant in identifying a carcinoma from the normal 
epidermis by means of the mitotic incidence is that a definite 
diurnal mitotic rhythm exists in the normal epidermis, but no 
rhythm can be seen in the neoplasm. 
The final factor to be considered during methylcholan-
threne epidermal carcinogenesis is the chromosomal chang~. 
The frequency of enlarged chromosomes and aberrations in the 
chromosome numbers in the malignant cells is usually much 
greater than in the normal cell. Although these chromosomal 
characteristics are most frequently found in malignant cells, 
some carcinomatous cells also have been found possessing the 
normal chromosome content. Many abnormal mitoses can be found 
in malignant cells, but some normal cells also can exhibit 
this phenomenon. 
Since abnormality is not constant even in cancerous 
cells, it is impossible to state that any specific cellular 
characteristics represent the cancerous condition. No definite 
data can be given in which a special cellular feature can be 
considered present in all malignant cells, because many neo-
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